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WHAT IS CLAIMED IS: 

1 1. A control apparatus for controlling an intake air 

2 quantity to the engine by varying an intake valve closing 

3 tinning of the engine, the control apparatus comprising: 

4 a controller configured 

5 to calculate a target air quantity in accordance with 

6 an engine\operating state, 

7 to calculate an estimated internal EGR quantity of the 

8 engine in accordance with the engine operating state, 

9 to calculate a target intake valve closing timing in 

10 accordance with the target air quantity and the estimated 

11 internal EGR quantity, and 

12 to contral an actual intake air quantity to the engine 

13 by controlling an actual intake valve closing timing of the 

14 engine to achieve the target intake valve closing timing. 



1 2. The control\aaparatus as claimed in Claim 1, wherein 

2 the controller is oprkigured to calculate the estimated 

3 internal EGR quamlitV in accordance with a target exhaust 

4 valve closing timinWr^r the engine and an engine speed of 

5 the engine. 

1 3. The control apparatus as claimed in Claim 2, wherein 

2 the controller isvconngured to calculate a base internal EGR 

3 quantity in accordance with the target exhaust valve 

4 closing timing and the engine speed, and to determine the 

5 estimated internal EGIk quantity by modifying the base 

6 internal EGR quantity with an overlap correction quantity 

7 determined in accordance with a valve overlap condition of 

8 the engine. 



1 4. The control apparatus as claimed in Claim 3, wherein 

2 the controller is configurjed to determine a valve overlap 

3 quantity in accordance with an interval between a target 

V 
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4 intake valvelopening timing and the target exhaust valve 

5 closing timing, and to determine the estimated internal EGR 

6 quantity by addition of the overlap correction quantity to 

7 the base internal EGR quantity. 

1 5. The control apparatus as claimed in Claim 4, wherein 

2 the controller is\ configured to increase the base internal 

3 EGR quantity wifth increase in an interval from one of an 

4 exhaust top dead center and the target exhaust valve 

5 closing timing to the other. 
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6. The control apparatus as claimed in Claim 4, wherein 
the controller is configured to increase the base internal 
EGR quantity as thaengine speed increases when the 
target exhaust valve closing timing is before an exhaust 
top dead center. 

7. The control apparatus as claimed in Claim 4, wherein 
the controller is configured! to decrease the base internal 
EGR quantity as the enq/nelspeed increases when the 
target exhaust valve clpsinij timing is after an exhaust top 
dead center. 



8. The control ^pprir^fus As claimed in Claim 4, wherein 
the controller is conferguned t© increase the estimated 
internal EGR quantity bylincreasing the overlap correction 
quantity with increVse inlthe valve overlap quantity 
representing a valve overlap period. 



1 9. The control apparatufe as claimed in Claim 4, wherein 

2 the controller is configured to calculate the estimated 

3 internal EGR quantity by decreasing the overlap correction 

4 quantity with increase in alretard of the target exhaust 

5 valve closing timing from alh exhaust top dead center when 
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6 the target exhaust valve closing timing is after the exhaust 

7 top dead center. 

1 10. The contrtol apparatus as claimed in Claim 8, wherein 

2 the controller mb configured to increase the estimated 

3 internal EGR quantity by increasing the overlap correction 

4 quantity with inarease in an absolute value of an intake 

5 pressure on a negative pressure side. 
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11. The control apparatus as claimed in Claim 8, wherein 
the controller is configured to calculate the overlap 
correction quantity \by modifying a base correction quantity 
determined by the \Aalve overlap quantity, with an intake 
pressure modification quantity determined in accordance 
with an intake pressure and the target exhaust valve 
closing timing. 



12. The control appaftati/s 
the controller is config\j[/ed 
quantity by converting b v 
expressed as an angulak/oisltance 
a valve overlap time p^eniod 



as claimed in Claim 11, wherein 
to determine the valve overlap 
e overlap angular interval 

in crankshaft rotation to 



13. The control appiratbs claimed in Claim 11, wherein 
the controller is configured to determine an intermediate 
quantity in accordance with the valve overlap quantity, to 
set the base correction qulantity equal to the intermediate 
quantity when the target exhaust valve closing timing is 
before an exhaust top dead center, and to determine the 
base correction quantity b>\ subtraction from the 
intermediate quantity, of alsubtrahend proportional to a 
retard quantity of the exhawst valve closing timing with 
respect to the exhaust top dead center when the target 
exhaust valve closing timing is after the exhaust top dead 
center. 
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1 14. The contrbl apparatus as claimed in Claim 11, wherein 

2 the controller is configured to determine a modification 

3 coefficient, as trae modification quantity, in accordance with 

4 the intake pressure, the target exhaust valve closing timing 

5 and the valve overlap quantity; and wherein the controller 

6 is configured to calculate the overlap correction quantity by 

7 multiplying the ba\e correction quantity by the modification 

8 coefficient. 



ni 



'J3 



m 

Ufa 



1 

2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 



15. The control apparatus as claimed in Claim 11, wherein 
the controller is configured to increase the modification 
quantity as an absolute value of the intake pressure 
increases on a negative side, and to increase the 
modification quantity \n accordance with a retard quantity 
of the exhaust valve closing timing from an exhaust top 



dead center when the e)j 
the exhaust top dead ce^ 
intake pressure is highei 



ha; 



st valve closing timing is after 
and the absolute value of the 
a predetermined level. 



16. The control appar 
the controller is progra 
internal EGR quantity bV a 
quantity, of an overlap \^c\ 



claimed in Claim 4, wherein 
edlto determine the estimated 
Idifcion, to the base internal EGR 
ea^e correction quantity which 
is increased as the valve' overlap quantity increases; and 
wherein the controller is programmed to modify the base 
internal EGR quantity with trie overlap increase correction 
quantity when the target exhaust valve closing timing is 
after the target intake valveiopening timing, and to set the 
estimated internal EGR quantity equal to the base internal 
EGR quantity when the target exhaust valve closing timing 
is not after the target intakelvalve opening timing. 



1 17. The control apparatus as claimed in Claim 16, wherein 

2 the controller is programmed to increase the base internal 
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EGR quantity with increase in an advance of the exhaust 
valve closing, timing from the exhaust top dead center when 
the exhaust valve closing timing is before the exhaust top 
dead center, aind to increase the base internal EGR quantity 
with increase in\a retard of the exhaust valve closing 
timing from the kxhaust top dead center when the exhaust 
valve closing timing is after the exhaust top dead center; 
and wherein the ccWraJler is programmed to determine the 
overlap increase co\rfc\ion quantity in accordance with the 



valve overlap quanti 
timing and an intake 



fe target exhaust valve closing 
fissure controlled by a throttle valve. 



18. The control apparatuses claimed in Claim 1, wherein 
the control apparatus further comprises a variable valve 
timing actuator comprising a solenoid to vary the actual 
intake valve closing timing\in response to an electric 
control signal produced by the controller, and a sensor 
system to sense engine operating conditions to determine 
the engine operating state. 
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19. \A method for an engine, the method comprising 

gaining information on an exhaust valve closing 
timing, aw intake valve opening timing and an engine 
speed; an< 

calculating an estimated internal EGR quantity of the 
engine in accorcrarice with the exhaust valve closing timing, 
the intake valve opening timing and the engine speed. 




20. The method as clairHed in Claim 19, wherein, as the 
exhaust valve closing timingxa target exhaust valve closing 
timing is used for calculating th-e. estimated internal EGR 
quantity. 
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21. The method as claimed in Claim 19s wherein the 
method is an internal EGR quantity estimating method; and 
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3 wherein the method further comprises calculating a base 

4 internal EGR quantity in accordance with the exhaust valve 

5 closingXtiming and the engine speed; and the estimated 

6 internal\EGR quantity is set equal to the base interna! EGR 

7 quantity \without modification when there is no valve 

8 overlap between an exhaust valve opening period and an 

9 intake val\Xe opening period, and the estimated internal 

10 EGR quantity is determined by modifying the base internal 

n EGR quantity^ with a valve overlap condition of the engine 

12 when there is\a valve overlap. 
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1 22. The method as claimed in Claim 21, wherein the 

2 method further camprises calculating an overlap correction 

3 quantity in accordance with the overlap condition; and the 

4 estimated internal EGR quantity is determined by addition 

5 of the overlap correction quantity to the base internal EGR 

6 quantity when there rs a valve overlap between the exhaust 

7 valve opening period and the intake valve opening period. 



CP 



1 23. The method as claimed in Claim 21, wherein the base 

2 internal EGR quantity is increased with increase in an 

3 interval from one of an extraust top dead center and the 

4 exhaust valve closing timingXto the other. 



1 24. The method as claimed in\Claim 21, wherein the base 

2 internal EGR quantity is increased as the engine speed 

3 increases when the exhaust valve\c!osing timing is before 

4 an exhaust top dead center. 



1 25. The method as claimed in ClainrK 21, wherein the base 

2 internal EGR quantity is decreased as\the engine speed 

3 increases when the exhaust valve closing timing is after an 

4 exhaust top dead center. 
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1 26. TheVnethod as claimed in Claim 22, wherein the 

2 estimated\internal EGR quantity is increased by increasing 

3 the overlap, correction quantity with increase in a valve 

4 overlap quantity between the exhaust valve opening period 

5 and the intakse valve opening period. 
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1 27. The methoYl as claimed in Claim 22, wherein the 

2 estimated internal EGR quantity is decreased by decreasing 

3 the overlap correction quantity with increase in a retard of 

4 the exhaust valve Vlosing timing from an exhaust top dead 

5 center when the exriaust valve closing timing is after the 

6 exhaust top dead center. 

1 28. The method as daimed in Claim 26, wherein the 

2 estimated internal EGR quantity is increased by increasing 

3 the overlap correction quantity with increase in an absolute 

4 value of an intake pressure on a negative pressure side. 

1 29. The method as claimed in Claim 22, wherein the 

2 method further comprises calculating a base correction 

3 quantity in accordance with^ valve overlap quantity; and 

4 calculating an intake pressure modification quantity in 

5 accordance with an intake pressure and the exhaust valve 

6 closing timing; and the overlap\correction quantity is 

7 determined by modifying the base correction quantity with 

8 the intake pressure modification quantity. 



1 30. The method as claimed in Claibi 26, wherein the valve 

2 overlap quantity is determined by converting a valve 

3 overlap angular interval expressed asyan angular distance 

4 in crankshaft rotation to a valve overlap time period. 



1 31. The method as claimed in Claim 29\ wherein the 

2 method further comprises determining an\intermediate 
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3 quantity in accordance with the valve overlap quantity; 

4 settling the base correction quantity equal to the 

5 intermediate quantity when the exhaust valve closing 

6 timing is before an exhaust top dead center; and 

7 deterrnining the base correction quantity by subtraction 

8 from tire intermediate quantity, of a subtrahend 

9 proportional to a retard quantity of the exhaust valve 

10 closing timing with respect to the exhaust top dead center 

n when the exhaust valve closing timing is after the exhaust 

12 top dead center. 
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1 32. The mef\hod as claimed in Claim 29, wherein an intake 

2 pressure modification coefficient is determined, as the 

3 intake pressure\modification quantity, in accordance with 

4 the intake pressure, the exhaust valve closing timing and 

5 the valve overlapXquantity; and wherein the overlap 

6 correction quantityvis calculated by multiplying the base 

7 correction quantity py the intake pressure modification 

8 coefficient. 



1 33. The method as claimed in Claim 29, wherein the 

2 intake pressure modification quantity is increased as an 

3 absolute value of the intake pressure increases on a 

4 negative side, and the intake pressure modification 

5 quantity is increased in accordance with a retard quantity 

6 of the exhaust valve closing timing from an exhaust top 

7 dead center when the exhaust valve closing timing is after 

8 the exhaust top dead center^nd the absolute value of the 

9 intake pressure is higher than\a predetermined level. 



1 34. The method as claimed in Claim 19 wherein the 

2 method is an engine cylinder intake air quantity calculating 

3 method, and the method further camprises: 

4 calculating an engine cylinder \ntake air quantity in 

5 accordance with the estimated internal EGR quantity. 
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1 35. The method as claimed in Claim 34, wherein the 

2 method further comprises calculating a cylinder air volume 

3 quantity in accordance with the estimated internal EGR 

4 quantity and a cylinder volume calculated from the intake 

5 valve closing timing; the engine cylinder intake air quantity 

6 is an engine cylinder intake air mass quantity which is the 

7 mass of air inducted into a cylinder section of the engine; 

8 and the engine cylinder intake air mass quantity is 

9 calculated in accordance with the cylinder air volume 

10 quantity, an intake manifold air mass quantity and an 

11 intake manifold volume. 



lI i 36. The method as claimed in Claim 35, further 

|« 2 comprising calculating the intake manifold air mass 

3 quantity by calculating a balance between an intake 



03 4 manifold inflow air mass quantity which is the mass of air 

JL 5 flowing into an intake manifold section of the engine, and 

sj 6 an intake manifold outflow air mass quantity which is the 

J^j 7 mass of air flowing out of the intake manifold section. 
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^ l 37. The method as claimed in Claim 19, wherein the 

2 method is an engine control method, and the method 

3 further comprises: 

4 controlling the engine in accordance with the 

5 estimated internal EGR quantity. 

1 38. The method as claimed in Claim 37, wherein the 

2 method is an engine ignition timing control method, and 

3 ignition timing of the engine is controlled in accordance 

4 with the estimated internal EGR quantity. 

1 39. The method as claimed in claim 38, further 

2 comprising: 



» 
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3 dalculating a residual gas ratio in accordance with the 

4 estimated internal EGR quantity, the residual gas ratio 

5 being a\mass ratio of a residual gas quantity to a total 

6 cylinder\jas quantity; 

7 calculating a combustion speed in accordance with the 

8 residual ga^s ratio; 

9 calculating a combustion reaction time from a start of 

10 ignition to a\peak of a combustion pressure, in accordance 

11 with the combustion speed; and 

12 calculating a maximum torque producing ignition 

13 timing in accordance with the combustion reaction time, to 

14 control an actual ignition timing of the engine to achieve 
is the maximum torque producing ignition timing, 

1 40. The method acclaimed in Claim 37, wherein the 

2 method is an enginewalve timing control method, and an 

3 intake valve closing riming of the engine is controlled in 

4 accordance with the estimated internal EGR quantity. 

1 41. The method as claimed in Claim 40, wherein the 

2 intake valve closing timing is controlled in accordance with 

3 the estimated internal EGR quantity and a target intake air 

4 quantity calculated in acco\dance with an engine operating 

5 state. 



1 42. An apparatus comprising 

2 an internal EGR quantity Estimating section to 

3 calculate an estimated internal\EGR quantity of an engine 

4 in accordance with an exhaust \Aalve closing timing, an 

5 intake valve opening timing and^n engine speed of the 

6 engine. 



1 43. The apparatus as claimed in Claim 42, wherein the 

2 apparatus is an engine cylinder intake air quantity 

3 estimating apparatus; and the apparatus further comprises: 
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4 &n engine cylinder intake air quantity estimating 

5 section to calculate an engine cylinder intake air quantity in 

6 accordance with the estimated internal EGR quantity. 

1 44. The Apparatus as claimed in Claim 42, wherein the 

2 apparatus k an engine control apparatus; and the 

3 apparatus further comprises: 

4 a controlling section to control the engine in 

5 accordance w\th the estimated internal EGR quantity. 
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1 45. The apparatus as claimed in Claim 44, wherein the 

2 controlling section is configured to control an ignition 

3 timing of the engine in accordance with the estimated 

4 internal EGR quantity. 

1 46. The apparatuses claimed in Claim 44, wherein the 

2 controlling section is\configured to control an intake valve 

3 closing timing of the engine in accordance with the 

4 estimated internal EGFa quantity. 

1 47. The apparatus as claimed in Claim 46, wherein the 

2 apparatus further comprises a target air quantity 

3 calculating section to calculate a target air quantity in 

4 accordance with an engine\operating state, and the 

5 controlling section is configured to control the intake valve 

6 closing timing in accordance^ with the target air quantity 

7 and the estimated internal E§R quantity. 



1 48. An apparatus for an engine, the apparatus 

2 comprising: 

3 means for collecting information on an exhaust valve 

4 closing timing, an intake valve opening timing and an 

5 engine speed of the engine; and 
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6 me\ns for calculating an estimated internal EGR 

7 quantity o\the engine in accordance with the exhaust valve 

8 closing timing, the intake valve opening timing and the 

9 engine speed. \^ 

1 49. The apparatus as claimed in Claim 48, further 

2 comprising means for controlling an engine operating 

3 parameter of the enginern accordance with the estimated 

4 internal EGR quantity. \ 




